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Previous studies 
• Mostly use SOHO LASCO CME catalog (CDAW)
• Useful and important work in understanding CME 
properties....but compiled manually and not available in near 
real-time
• Known differences between CDAW and CACTus [e.g. Yashiro 
et al. Ann. Geophys. 2008, and Robbrecht & Berghmans, A & A, 2004]
• So, can we come up with some useful statistics about 
geoeffectiveness of CMEs for use in an operational 
setting?
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Forecasting resources
Data:
• LASCO images
• STEREO (ish)
• PROBA2
• ACE
• GOES
• SDO
• ...
Automated products
• CACTus
• SEEDS
• CORIMP
Other prediction tools:
• Drag based model
• StereoCAT
• WSA Enlil
• …
• Solardemon
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CACTus CME catalog
• Near real-time automated CME detection 
tool
• Provides an estimate of:
• Onset time
• Duration of liftoff
• Principal angle
• Angular width
• Median velocity
• Variation of velocity (1 sigma)
• Lowest velocity detected
• Highest velocity detected
Robbrecht & Berghmans, 
Astron. & Astrophys. 2004
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Process
• Used CMEs from the CACTus catalog between 1998-2009
• Searched through SWPC daily reports of solar geophysical activity
• If a CME was considered at the time to be heading towards Earth 
(at least in part) it is marked as Earth-directed
• Combination of SWPC reports, GOES X-ray lists and the HELIO 
context service used to identify associated flares and filaments (and 
their location)
• Arrivals at Earth identified using combination of Richardson & Cane 
ICME list, ACE shock list, Kp index and SWPC summaries up to 5 
days after an event
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How do we define a storm?
• For the purposes of this study we categorise storms according to the 
NOAA G-scales 
• We concentrate on 
storms of G2 and 
above (i.e. Kp ≥ 6-)
NOAA SWPC: www.swpc.noaa.gov/noaa-scales-explanation
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Data summary
• 9809 total CMEs in this time period
• 264 Earth-directed CMEs identified
• 53 of which arrived in combination with other CMEs
• A further 16 were not considered to be Earth-
directed but did arrive at Earth
• In total 114 led to storms ≥ G2
• Excluding those that arrived in combination 71 led 
to storms ≥ G2
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Velocity
• In bins of 500km/s
© NERC All rights reserved
Combined velocity
Percentage in each bin that caused a storm ≥ G2
G2 G3 G4 G5
• CACTus maximum velocity against CACTus median velocity
© NERC All rights reserved
Location
Central 
bin
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Combined location
• Heliolongitude plotted against heliolatitude in 20° bins
Percentage in each bin that caused a storm
≥G2 ≥G3
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Combined location
• Heliolongitude plotted against heliolatitude in 20° bins
Percentage in each bin that caused a storm
Count of all CMEs in each bin
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Combined location
• Heliolongitude plotted against heliolatitude in 20° bins
Percentage in each bin that caused a storm
≥G4 ≥G5
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Flares and Filaments
Flare 
Class
Total ≥ G2 ≥ G3 ≥ G4 = G5
B 7 29%
C 46 9% 20% 7%
M 88 16% 8% 3%
X 42 5% 24% 14% 7%
Filament 25 20% 4%
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How does this relate to the 
scientific results?
• CACTus velocity estimates generally slower than CDAW & 
apparent saturation in velocities >2000km/s
• Kp 9 events have CDAW catalog velocities > 1500km/s 
(1000km/s for CACTus)
• More geoeffective CMEs in western hemisphere consistent 
with previous studies [e.g. Kim et al. J. Geophys Res. 2005, Zhang et 
al. J. Geophys. Res. 2007].
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Summary
• Reviewed CACTus entries between 1998-2009
• 34% of individual ‘Earth-directed’ CMEs led to geomagnetic storms of 
G2 or above (Kp ≥ 6-)
• G5 (Kp = 9o) events only occur when:
• Both median and max velocity estimates > 1000km/s
• Associated flare in central 20° heliolongitude and between ±10-30°
heliolatitude
• Associated with X-class flares
• Tables could provide a quick guide for determining geoeffectiveness
of CMEs in an operational environment. 
• But...more data required to make fully robust statistics
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Ideas for future work
• Extend to a longer time period
• Repeat with SEEDS [Olmedo et al. Solar Phys. 2008]  and/or 
CORIMP [Byrne et al. Astrophys. J. 2012]
• Include other measures of geomagnetic activity to better  
determine GIC risk  (e.g. dB/dt) [talk in session A18 at 
9.45 Sat 27th]
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